ABSTRACT Background: It is generally believed that overweight is less prevalent than undernutrition in the developing world, particularly in rural areas, and that it is concentrated in higher socioeconomic status (SES) groups. Objective: The purpose of this study was to examine patterns of adult female overweight and underweight in the developing world by using categories of urban or rural status and SES strata. Design: Body mass index (BMI; in kg/m 2 ) data collected in 36 countries from 1992 to 2000 by nationally representative crosssectional surveys of women aged 20 -49 y (n ҃ 148 579) were classified as indicating underweight (BMI 18.5) and overweight (BMI ͧ 25). Associations between the nutritional status of urban and rural women and each country's per capita gross national income (GNI) and level of urbanization were explored in the overall sample and among different SES groups. Results: Overweight exceeded underweight in well over half of the countries: the median ratio of overweight to underweight was 5.8 in urban and 2.1 in rural areas. Countries with high GNIs and high levels of urbanization had not only high absolute prevalences of overweight but also small urban-rural differences in overweight and very high ratios of overweight to underweight. In the moredeveloped countries, overweight among low-SES women was high in both rural (38%) and urban (51%) settings. Even many poor countries, countries in which underweight persists as a significant problem, had fairly high prevalences of rural overweight. Conclusions: In most developing economies, prevalences of overweight in young women residing in both urban and rural areas are higher than those in underweight women, especially in countries at higher levels of socioeconomic development. Research is needed to assess male and child overweight to understand the dynamics facing these groups as well.
INTRODUCTION
As the pandemic of overweight around the globe continues to rise, many developing countries face a double burden of overnutrition and undernutrition (1) . The scope and distribution of both types of malnutrition must be understood so that public health resources can be channeled appropriately. Studies have highlighted the fact that, despite increases in overweight, undernutrition among young children remains more prevalent than overnutrition in many developing countries; this is particularly true in the poorest countries (2) . Much less is known about this double burden in adults. The current study used nationally representative data collected between 1992 and 2000 in 36 developing countries to update our knowledge about the prevalence and distribution of underweight and overweight among women.
Our primary objective was to compare patterns of overweight and underweight in adult women in both urban and rural areas. Many documents focus on urbanization as an underlying cause of rising overweight in the developing world, and they emphasize that overweight is more prevalent in urban than in rural areas (1, 3) . At present, there are far fewer data on the extent to which rural communities face the burden of overweight or the double burden of underweight and overweight.
This study also evaluated the ways in which urban and rural malnutrition patterns are related to 2 indicators of socioeconomic development, urbanization and gross national income (GNI). Rising national incomes and increasing urbanization are believed to be central elements fueling the pandemic of overweight (1, (3) (4) (5) (6) , but there are few published reports on worldwide patterns of obesity (3, 5) . Finally, this study examines the ways that malnutrition patterns in women in different socioeconomic status (SES) groups vary across countries at different levels of development; in this study, the level of education was used as the measure of SES. We compared the ways in which malnutrition patterns within low-and high-SES groups change with increasing development, and we assessed the ways in which higher levels of development affect the relation between SES and malnutrition in both urban and rural environments.
MATERIALS AND METHODS

Nutritional status data
Information on the prevalence of underweight and overweight comes from representative surveys conducted between 1992 and 2000 in 36 developing countries: 19 in sub-Saharan Africa, 8 in Latin America and the Caribbean (including Brazil and Mexico), 2 in East and South Asia (China and India), 3 in Central Asia (all former Soviet republics), and 4 in North Africa and the Middle East (including Egypt and Turkey). The data for China and Mexico are from national health and nutrition surveys conducted by these countries in 1997 and 1999, respectively (7, 8) . All other data come from standardized US Agency for International Development Demographic Health Surveys (referred to as DHS surveys; 9). Multistage cluster sampling was used in all surveys, which are nationally representative, except that for China, the data for which are representative of 8 geographically and economically diverse provinces out of the 31 provinces in China (7-9; also see www.measure.dhs). The data from China and Mexico were available for all women in survey households; DHS surveys collected anthropometric data among women with children aged 5 y.
We used only the most recent data for countries in which ͧ2 DHS surveys were conducted in the period of 1992 to 2000; a number of DHS surveys were not used because of a lack of anthropometric data for adult females. DHS data sets were downloaded from http://www.macroint.com/dhs/ or obtained directly from the state statistical offices that conducted the surveys (eg, those of South Africa, Turkey, and Jordan). We restricted analyses in all data sets to nonpregnant women aged 20 -49 y. The average sample size was 4266 [range: 1460 (Bolivia)-21 171 (Peru)] women, and a total of 157 844 women were studied. Mean response rates for DHS country surveys were 94.5% (range: 85.4 -99.4%), and those for household surveys in China and Mexico were 78.2% and 82.3%, respectively. Among participants, the rate of nonresponse in the DHS surveys was 0.2% for weight and height measurements and 0.7% for questions on SES (ie, education). Data were available for 73.5% and 98% (anthropometric data) and for 86.5% and 100% (education data) of respondents in China and Mexico, respectively.
As measured by using body mass index (BMI; in kg/m 2 ), the overall prevalences of underweight (BMI 18.5) and overweight (BMI ͧ 25) were calculated for women in each country. The ratio of overweight to underweight was also calculated for each country to illustrate the relative magnitude of these 2 manifestations of malnutrition. Prevalence data were estimated for both urban and rural areas, and the urban and rural classifications were defined by using official criteria for each country. Data were age-adjusted by using a direct method with the age distribution of the world population as a reference (10) . We used survey-specific sample weights, so estimates are nationally representative with the exception of the China survey, which represents 8 provinces of the 31 in that country.
Development indicators
Per capita GNI in US dollars was obtained from the 2002 World Bank database on national economic indicators (11) . Data on each country's level of urbanization, defined as the percentage of the midyear population residing in areas classified as urban according to official national criteria, came from the United Nations (12) . Whereas no single definition of urban areas is universally applicable because of differences in settlement patterns (12) , the use of different thresholds for classifying localities as urban did not appear to create bias. For example, Kenya was less urbanized than Ghana (28.5% and 34.5%, respectively), despite the use of a lower population threshold in Kenya than in Ghana to define an urban locale (ie, 2000 and 5000 people, respectively); the 2 countries had similar per capita GNIs ($350 and $390, respectively). GNI and urbanization for the year corresponding to the baseline for each survey were used in the analysis. The correlation between GNI and urbanization was high (r ҃ 0.75); however, numerous countries-eg, Nigeria, Senegal, and Cameroon-were highly urbanized without having high GNIs, and others-eg, Namibia, Guatemala, and Chinaranked significantly higher for GNI than for urbanization.
Socioeconomic status
Because income data are not available from the DHS surveys, educational attainment was used as a measure of individual SES. Women were categorized into education quartiles; in some countries, intermediate quartiles had to be collapsed into smaller groups because there were clusters of women with similar levels of education.
Statistical analysis
Within-country analysis
Three measures of malnutrition patterns are described for women residing in urban and rural areas and for women with different levels of education: prevalence of overweight, prevalence of underweight, and overweight:underweight. The z distribution was used to assess the significance of differences in the proportions of overweight and underweight women in urban and rural areas, as well as in the proportion of overweight: underweight within urban and rural areas. Prevalence ratios were used to compare prevalences of malnutrition between women in the highest and lowest quartiles of education.
Between-country analysis
To allow for potential nonlinearities, natural cubic splines and smoothers were used to examine bivariate relations between development indicators and malnutrition prevalences in the 36 countries. Multivariate analysis used linear splines (with cutoffs based on bivariate analysis) to estimate associations between development and malnutrition patterns, after adjustment for urbanization, GNI, and survey year. Supplementary models using linear regression with centered variables and higher-order terms (eg, GNI-squared) to allow for nonlinear relations yielded similar results (not shown). Coefficients represent the adjusted mean increase in each outcome (eg, percentage overweight) for a $100 increase in GNI or a 1% increase in urbanization. Predicted values with standard errors from the multivariate models were graphed to illustrate how malnutrition patterns were associated with different levels of development. Log outcomes were used for overweight:underweight, which was highly skewed. For nonratio outcomes, results did not differ significantly when logtransformed and nonlog-transformed variables were used. Model diagnostics included ensuring that results did not change after the exclusion of potential multivariate outliers identified on the basis of the highest and lowest 5% ⌬-␤ values and examining variance inflation factors to ensure the absence of collinearity. Findings were also similar after the exclusion of non-DHS data or of countries with the highest GNIs and levels of urbanization. Analyses were conducted with the use of STATA software (version 7.0; Stata Corporation, College Station, TX).
RESULTS
Urban and rural prevalences of overweight and underweight
The prevalence of overweight among urban women ranged from 10.3-69.9% (median: 32.4%). Prevalence was ͧ20% in 33 (92%) of the countries studied and ͧ50% in 10 countries (Ȃ33%), as shown in Table 1 and Figure 1 . Whereas overweight was generally higher in urban areas than in rural areas, rural overweight (median: 19.4%; range: 3.6 -65.6%) was also substantial: half of the countries (n ҃ 18) had prevalences ͧ 20%. Although, on average, overweight prevalence was about twice as high in the urban areas as in the rural areas (x Ȁ SD ratio: 2.1 Ȁ 1.3), there was substantial variation in the ratio of urban to rural overweight. This ratio was 1.5 in 15 of the 36 countries surveyed.
Most countries had substantially less underweight than overweight among young women. The main exception was India, where very high prevalences of undernutrition persist (23.1% of urban and 48.2% of rural women). Underweight in the other countries in the sample ranged from 0.7-16.5% in urban and 0.6 -21.5% in rural areas (medians: urban, 5.9%; rural, 9.3%). Underweight prevalence was on average Ȃ50% higher in rural areas than in urban areas (urban:rural, 1.48 Ȁ 0.53).
Comparative prevalences of overweight and underweight
In most countries, the prevalence of overweight was significantly greater-and in many cases several times greater-than was that of underweight in both urban and rural areas (Table 1, Figure 1 ). The median overweight:underweight was 2.1 in rural and 5.8 in urban areas. Overweight:underweight in urban women was ͧ 2.0 in 80% of the sample; 50% of the countries had overweight:underweight of 2.0 among rural women.
GNI, urbanization, and nutritional status patterns
As shown in Figure 1 , there was a high prevalence of overweight and a low prevalence of underweight in both urban and rural areas of the countries with relatively high GNIs. Closer examination of this relation found that a marked increase in overweight was associated with increasing GNI up to Ȃ$3000, a threshold above which the prevalence leveled off or declined (Figure 2) . GNI was significantly associated with overweight in both urban and rural women after multivariate adjustment [␤/$100 for GNI $3000: 1.57 Ȁ 0.42 in urban women, 1.30 Ȁ 0.42 in rural women (P 0.05); for GNI $3000: Ҁ0.52 Ȁ 0.41 in urban women, Ҁ0.31 Ȁ 0.40 in rural women (NS)]. Slopes were similar in urban and rural areas (P 0.05), and slopes above and slopes below the threshold were significantly different (P 0.05).
The prevalence of overweight also increased with rising urbanization: there was an increase in overweight observed above a threshold of Ȃ32% urbanization, which is slightly below the median of 39% (Figure 2) . However, the magnitude of association was weaker than that for GNI. Whereas the multivariateadjusted slopes for rural areas were strong and significant [urbanization ͧ32%: ␤ ҃ 0.50 Ȁ 0.02; urbanization 32%: ␤ ҃ 0.25 Ȁ 0.36 (NS); difference between slopes, P 0.05], associations among urban women were weaker and not significant [urbanization ͧ32%: ␤ ҃ 0.29 Ȁ 0.20 (NS); urbanization 32%: ␤ ҃ Ҁ0.01 Ȁ 0.36 (NS); difference between slopes, P 0.05]. Nonetheless, slopes were not significantly higher in rural than in urban areas (P 0.05).
Variations in urban and rural overweight prevalence by GNI and level of urbanization, considered jointly, are shown in Figure 3 . As shown, in conjunction with the rising overall prevalence of overweight, the disparity between urban and rural overweight declined substantially as GNI and urbanization increased. Patterns of overweight prevalence were the inverse of those for overweight: prevalences of underweight were substantial in the least developed countries but were 5% in countries with high GNI and levels of urbanization (Figure 3) . Consequently, associations of GNI and urbanization with overweight:underweight were similar to those of GNI and urbanization with overweight (not shown). Overweight:underweight, which was close to equality in the least developed countries, increased dramatically in countries with high GNI and greater urbanization (Figure 3) . In the countries with the highest values for both indicators, the adjusted mean ratio was 23.0 in urban and 17.3 in rural areas.
Differences in nutritional status by GNI, urbanization, and SES
Additional analysis showed that GNI and levels of urbanization were strongly and positively associated with higher prevalences of overweight among women of low SES (Figure 4) . In countries with low GNI and urbanization, predicted mean overweight prevalence (adjusted for GNI, urbanization, and survey year) among women in the lowest education quartile was 7.0% in rural and 17.0% in urban areas. In these countries, overweight was substantially higher in the most educated women (15.9% and 32.7% for rural and urban women, respectively). However, in highly urbanized countries with high GNIs, 37.8% of rural and 50.9% of urban women in the lowest education quartile were overweight, and these prevalences were comparable to those among rural and urban women in the highest education quartile (41.4% and 47.6%, respectively; Figure 4 ).
In the more highly developed countries, as a result of the strikingly higher prevalences of overweight, the disparity in overweight between different SES strata was negligible. In the countries with the highest GNI and greatest urbanization, the ratio of overweight prevalence in the highest to that in the lowest SES quartile was nearly 1.0 for both urban and rural women ( Figure 5) . Among women living in countries with low GNI and levels of urbanization, however, the ratio was large: Ȃ2.0 in rural as well as in urban women. In addition, in most countries, overweight exceeded underweight even among women in the lowest education quartile: this was true among urban women in 31 countries, and among rural women in 18 countries. In women in the highest education quartile, urban overweight exceeded underweight in all 36 countries studied, and rural overweight exceeded underweight in 32 countries. Results are predicted from multivariate models by using linear splines for GNI and level of urbanization after adjustment for survey year. The log of overweight:underweight was used as the outcome; results were transformed and are presented in the original metric form. The solid horizontal line in the lower part of the righthand panel represents a ratio of 1.0, ie, an equal prevalence of overweight and underweight. The associations with urbanization were significantly larger in the rural than in the urban areas (P ҃ 0.05).
DISCUSSION
The prevalence of overweight among young women in the developing world has reached an alarming state. Whereas overweight in urban areas has been widely acknowledged, these data indicate that the burden in rural areas is also substantial. Half of the countries surveyed had a ͧ20% prevalence of overweight in their rural areas. In some of the most highly developed countries, overweight exceeded 50% in urban and 40% in rural women, prevalences that are comparable to those in many industrialized countries (13) (14) (15) . Notably, there was far more overweight than underweight among young women in most of the countries. This predominance of overweight was found in most of the urban areas (median overweight:underweight, 5.8) as well as in the rural areas of many countries (median ratio: 2.1). In many of the most developed countries, overweight:underweight was on the order of 20.0 (overweight: 50%; underweight: Ȃ2-3%), which is well above the values for industrialized countries before the current epidemic of obesity (overweight: 27-47%; underweight: 3-4%) (15) (16) (17) (18) . Whereas underweight remains a concern, it predominated only among women living in rural areas of the least developed countries. There are few data on trends in the underweight and overweight status of women in developing countries, and thus it is not known whether these patterns have existed for some time (3, 5) .
Two indicators of the broad socioeconomic environment-GNI and urbanization-were positively associated with the prevalence of overweight and negatively associated with that of underweight in both urban and rural women. Furthermore, whereas there were substantial urban-rural differences in overweight prevalence in the poorest countries, these differences were smaller in the more developed countries. It is interesting that the overall level of urbanization was related to overweight as strongly in rural women as in urban women. We hypothesize that the proportion of the population residing in urban areas may serve as an indicator of rural development. In these countries, residents of areas officially designated as rural may have access to infrastructure and services that facilitate the more "urbanized" lifestyles that may increase risk of obesity, such as access to energy-dense foods and motorized transportation.
Moreover, as GNIs and levels of urbanization increased, there were especially dramatic increases in prevalences of overweight among women of low SES (ie, those in the lowest education quartile) living in both urban and rural areas (19) . Consequently, the strong positive association between SES and overweight observed in the least developed countries was sharply attenuated or reversed (see Figure 4) in the most developed countries, where the overall prevalence of overweight was high.
Our ability to explore relations between individual SES and overweight was constrained by the fact that education was the only available measure of SES. A study in Brazil (20) , one of the most developed countries in our sample, found that income was positively related but education was negatively related to obesity in women from the northeastern part of the country; associations with education were even stronger, whereas income effects were absent in women from the more economically developed southeastern part of Brazil. These data suggest that multiple SES measures should be examined because distinct effects of education or income may become more apparent as countries develop and as potentially obesogenic material resources (eg, energydense foods, mechanized transport, and television) become more widely accessible and more easily available to the poor. Nonetheless, we speculate that education is a useful component of SES with which to explore shifts in the distribution of overweight across countries that span a broad spectrum of development.
We defined overweight and underweight by using BMI cutoffs recommended for worldwide use (21, 22) . These cutoffs, established on the basis of the relation of BMI with mortality in Western Europe and North America, also provided measures of increased morbidity risk, although the relation of BMI to morbidity is fairly linear (18, 21) . Numerous studies of wellnourished persons from urban and rural areas of developing countries in the past decade supported the use of cutoffs in the same range, and they reported mean BMIs of 20.5-25.5 (18) . Although these cutoffs remain controversial, particularly for studies in some Asian populations in whom mean BMIs are relatively low and the percentage of body fat relatively high (22) , they continue to be advocated in the absence of sufficient data on which to base alternative values that minimize bias and maximize the specificity, sensitivity, and comparability of measures across countries. It is not possible to properly ascertain the magnitude of potential bias derived from the use of these cutoffs. For example, the cutoff of 18.5 that is used to define underweight likely includes healthy persons, which implies some overestimation of undernutrition. However, there is also some likelihood of underestimation: even though BMIs of 11.0 -13.0 are compatible with survival, there is increased risk of mortality at extremely low BMIs (18, 21) .
Another limitation of this analysis is that the DHS surveys that are the source of most of the data include women with children aged 5 y. Despite the association of parity with weight gain, studies with similar results conducted in the United States and the developing world show that such weight gain is generally small in women with low preparity BMIs (23, 24) . For example, among women whose preparity BMI was 23.0, parous women had mean BMIs only 0.1-0.2 units higher (depending on the number of pregnancies) than did nulliparous women after a 5-y follow-up (23) . As a result, the inclusion of parous women is unlikely to have a strong effect on estimates of overweight prevalence. Parity was, however, associated with substantial increases in follow-up BMIs among women who were overweight before parity (0.3-0.4 units for a preparity BMI of 27.0; 0.6 -0.8 units for a preparity BMI of 32; 20). Thus these data may be more problematic if used for estimates of the prevalence of obesity rather than of overweight or for assessments of the severity of obesity; none of these estimates are included in this analysis.
The results of this study suggest that, in the absence of policies to shift current trends, continued economic development and urbanization in developing countries will likely be accompanied by increased prevalences of overweight in both rural and urban settings, as well as among low-SES groups. Indeed, in most countries where earlier DHS surveys were conducted, prevalences of overweight have increased substantially over time in both urban and rural areas. Similarly, data collected after 1996 (the median year of the surveys) were characterized not only by significantly higher GNIs and levels of urbanization but also by significantly higher urban and rural overweight and significantly greater overweight in low-SES groups (P 0.05, t test). Furthermore, although data collected before and after 1996 showed similar associations between development indicators and overweight in urban areas, the more recent data showed significantly (P 0.05) stronger associations between GNI and overweight in rural areas than in urban areas. It may well be that these data underestimate the extent to which overweight in rural areas may increase as national incomes rise.
Overall, these data suggest that, whereas extensive child underweight persists in many parts of the developing world, far fewer countries face such a burden of acute undernutrition in young women, even though the overweight burden is generally higher among that group (2, 25) . Elsewhere, we have shown in a case study from Brazil that overweight in adults appears to be replacing undernutrition as a public health problem, rather than being added to undernutrition in adults (26) . There is, of course, the possibility that child undernutrition is linked to adult overweight, as the fetal origins hypothesis suggests (28 -30) . If so, persistent child undernutrition may well contribute to the burden of overweight in women. To more fully understand how adult nutritional status in the developing world is changing as countries develop and are influenced by the process of globalization, additional data are needed on the changing nutritional status of men and on the tracking of nutritional status from childhood into adulthood.
